The rate and equilibrium of the liquid-liquid distribution of 2-thenoyltrifluoroacetone (Htta) was studied in carbon tetrachloride-aqueous 0.1 mol dm-3 sodium perchlorate solution systems at 298 K. The distribution equilibrium of Htta reached after two-phase agitation for 90 min and the distribution constant of the total Htta was 2.2X10; however, that of the enol form of Htta was higher than 2X102 and that of the keto form of Htta was 5.8X10'. By a spectrophotometric method and by a liquid-liquid partition method, the rate constant of the enolization and ketonization in the organic phase was measured. The former was 102 times higher than that of the latter; both were several orders lower than those in the aqueous phase. From these results, it was assumed that when Htta was initially added to the organic phase the main route of the two-phase distribution reaction was a transference of the enol form from the organic to the aqueous phase and its change to the keto form. In contrast to the change in the distribution ratio of Htta during two-phase agitation, the solvent extraction of metal ions from the aqueous phase with Htta did not change very much after a transient equilibrium was reached within a short time. This was examined with the extraction of indium(III).
Both the keto and enol forms are present in a solution of a f3-diketone, and the molar ratio of these species is dependent on the nature of the medium. Several experimental methods were employed in order to determine the molar ratio of the keto and enol forms of the /3-diketones at equilibrium, such as titration methods/ as well as UV2 and NMR spectrometry.3 From these previous studies, it is known that in a waterimmiscible nonpolar organic solvent the enol form is predominant, while in an aqueous solution the keto hydrate form is predominant.
This distribution process of a f3-diketone should affect the distribution ratio of $-diketone as well as the solvent extraction of certain metal ions with the /3-diketone when complex formation of the metal ions with the f3-diketone is not slow. Thus, when a f3-diketone transfers from an organic solution to an aqueous solution by agitation of the two solutions, the chemical form should be changed; since this does not proceed very rapidly, the distribution ratio of the /3-diketone as well as the solvent extraction of copper(II) with the extractant changed during the twophase agitation. 4 In the present paper, the effect of such a tautomeric transformation on the distribution ratio of 2-thenoyltrifluoroacetone (Htta) in carbon tetrachloride-aqueous perchlorate solution systems was studied by spectrophotometry and by measuring the change in the distribution ratio as a function of the two-phase agitation time. The effect of a tautomeric transformation of the extractant on the solvent extraction of metal ions in these systems was examined with indium(III) as an example.
Experimental

Reagents
All of the reagents were of an analytical grade. 2-Thenoyltrifluoroacetone (4,4,4-trifluoro-l-(2-thienyl)-1,3-butanedione, Htta) was obtained from Dojindo Laboratories.
It was purified by recrystallization from petroleum ether. The sodium perchlorate was purified three times by recrystallization from water. The carbon tetrachloride was washed several times with water before the use. Deionized and distilled water was used.
Procedures
All of the experiments were carried out in a thermostated room at 298 K. Quartz cells of 1 cm light path and a spectrophotometer (Hitachi U-3410 type) were used for the spectrophotometey.
The two liquid phases were placed in stoppered glass tubes (capacity 20 cm3) and agitated by hand or by a mechanical shaker. The aqueous phase always contained 1.0X10-2 mol dm 3 perchloric acid and 9.0X102 mol dm 3 sodium perchlorate. This aqueous solution is written as "the aqueous acid perchlorate solution" in the present paper.
Preparation of Htta solutions
Crystals of Htta were dissolved in water-saturated carbon tetrachloride and the solution was left standing for at least 48 h. As will be shown, the keto and enol forms of Htta in this solution were approximately in equilibrium. This organic solution is written as "the keto and enol equilibrated carbon tetrachloride solution" in the present paper.
A carbon tetrachloride solution containing nearly only the enol form of Htta was prepared by agitating a portion of the keto and enol equilibrated carbon tetrachloride solution with the same volume of the aqueous acid perchlorate solution for 10 s. By repeating this three times, most of keto form of Htta, but only asmall amount of enol form of Htta, were transferred to the aqueous phase.
An aqueous solution containing nearly only the keto form of Htta was prepared as follows. A carbon tetrachloride solution of Htta was agitated with aqueous acid perchlorate solution for more than 30 min. The aqueous phase contained predominantly the keto form and a small amount of the enol form of Htta. After the two phases were separated, the aqueous phase was agitated with a portion of fresh carbon tetrachloride for 10 s. By this procedure, nearly all of the enol form of Htta was transferred into the organic phase, and the aqueous phase contained nearly only the keto form of Htta just after the two-phase agitation, as will be shown.
By agitating this aqueous solution containing nearly only the keto form of Htta with a portion of fresh carbon tetrachloride for 10 s, about a one third portion of the keto form of Htta in the aqueous phase was extracted; this carbon tetrachloride solution contained nearly only the keto form of Htta.
Two phase distribution experiments of Htta
A portion of an aqueous acid perchlorate solution was vigorously agitated with the same volume of the keto and enol equilibrated carbon tetrachloride solution for a certain time, and the two phases were separated by being left standing or by centrifugation. Each of the separated liquid phases was transferred to another tube, and left standing for 2 h in the case of an aqueous solution or more than 48 h in the case of a carbon tetrachloride solution in order to establish keto-enol equilibrium. The sample aqueous or organic solution was then transferred into a quartz cell and the optical absorption at 267 nm (absorption of the keto form in aqueous solutions) and that at 360 nm (absorption of the enol form in organic solutions) was measured. A fresh aqueous acid perchlorate solution or carbon tetrachloride was used as a reference. A calibration curve was prepared by measuring standard solutions of Htta, each containing a known amount of Htta.
Determination of the rate of ketonization in carbon tetrachloride A portion of an organic solution containing nearly only the enol form of Htta was left standing for a certain time. It was then agitated with the aqueous acid perchlorate solution for 10 s. The two phases were separated and the total amount of Htta in the aqueous phase was determined.
The amount of the keto form which formed in the organic phase while standing was calculated from the thus-obtained total amount of Htta.
Determination of the rate of enolization in carbon tetrachloride A portion of an organic solution containing nearly only the keto form of Htta was left standing, and the absorption at 360 nm due to the enol form was measured as a function of time. The amount of the enol form in a carbon tetrachloride solution during the standing was calculated based on the absorption.
Solvent extraction of indium(III) with Htta
The solvent extraction of indium(III) was made essentially in a similar manner as that for the copper(II) in ref. 4 . A portion of the aqueous acid perchlorate solution containing 1X104 -mol dm 3 In3+ was agitated with the same volume of the keto and enol equilibrated carbon tetrachloride containing 5X102 mol dm 3 Htta for a certain time. The two phases were centrifuged off and the organic phase was transferred into another tube. The indium(III) in the organic phase was stripped by 1 mol dm 3 perchloric acid. The indium(III) in this stripped solution and that in the aqueous phase of the solvent extraction system was determined by atomic absorption spectrophotometry. (1)
The 
The acid dissociation of Htta (pKa 6.33)5 in the aqueous acid perchlorate solution is not large. Thus, the tta ions formed by acid dissociation are neglected in the following statistical treatments.
The rate of ketonization and enolization in each phase can be written as follows:
The rate could be affected by several factors in a liquidliquid system. However., since the concentration of water in the organic phase and that of hydrogen ion in the aqueous phase were always constant under the conditions of the present study, these are not given in Eqs. (8) to (11). The distribution ratio of the total Htta (DHtta) can be written as
DHtta = ([HE]org + [HK]org)/([HE] + [HK]).
(12)
The extraction equilibrium of indium(III) with Htta can be written ash
When no complex formation in the aqueous phase is assumed, the distribution ratio can be written as
Results Transportation of Htta from the organic to the aqueous phase A portion of the keto and enol equilibrated carbon tetrachloride solution containing 0.1 mol dm 3 of the total Htta was agitated with an aqueous acid perchlorate solution for 10 s, and the organic phase was transferred into another tube. The organic phase was then agitated with the same volume of a fresh aqueous acid perchlorate solution. The organic phase of this second agitation of the two liquid phases was transferred to another tube, and the same volume of the fresh aqueous perchlorate solution was added and the two phases were agitated. Fig. 1 give the results.
Enolization and ketonization of Htta in the organic solution When a portion of the carbon tetrachloride solution of the keto form of Htta was left standing, a tautomeric transformation into the enol form occurred, and the absorption due to the enol form thus formed in this organic solution increased. Figure 2 gives the change in the absorption spectrum during standing of the solution. The amount of enol form of Htta thus formed was calculated from the absorbance at 360 nm. The data were treated as follows.
By Fig. 3 . From the slope of the plot in the early stage of the reaction, the kobsd,HE was calculated, as is given in Table 2 .
When a portion of the carbon tetrachloride solution of the enol form of Htta was left standing, the absorption due to the enol form should decrease due to the ketonization.
However, the spectrophotometric determination of the formation of a small amount of the keto form in the organic solution was erroneous, which could not be determined by spectrophotometry.
Thus, the organic sample solutions which had initially contained approximately only the enol form were left standing for a certain time, after which the same volume of the aqueous perchlorate solution was added. The two phases were agitated for 10 s and then separated. The amount of Htta thus recovered in the aqueous phase was determined. A 63% portion of the keto form which had been formed in the organic phase should have been stripped. The amount of stripped enol form and the amount of keto form produced by ketonization in the aqueous acid phase during the two-phase agitation for 10 s was corrected by using the amount of Htta obtained by a similar procedure with the organic solution just after preparation. Table 3 gives the distribution ratio of the total Htta when the carbon tetrachloride solution which initially contained 1.0X10-2 mol dm-3 of the enol form Htta was left standing and agitated with the same volume of the aqueous acid perchlorate solution for 10 s. The data are given as a function of the standing time of the sample organic solutions. The data were treated on the basis of the following equation, which was introduced in a similar manner as Eq. (15) The results are given in Fig. 4 and the calculated kobsd ,HK are given in Table 2 ,
Transportation of Htta from the aqueous phase to the organic phase When a portion of aqueous acid perchlorate solution containing only the keto form of Htta was agitated with the same volume of fresh carbon tetrachloride for 10 s, the obtained distribution ratio was 0.58. When the two- Table 2 . Enolization and ketonization of Htta in the aqueous phase The absorption spectrum of an aqueous solution containing only the keto form was measured as a function of the standing time.
However, the absorbance at 267 nm of the keto form did not change within the experimental accuracy, even after 5 d. This should have been due to the fact that the [HE]/[HK] ratio is very small in an aqueous solution. Thus, the change in the absorption due to the keto form in the aqueous solution was too small to be measured.
A spectrophotometric determination of ketonization was also not possible because the reaction was too rapid to be determined in this manner.
Change in the indium(III) extraction from the aqueous acid perch/orate solution into carbon tetrachloride initially containing Htta The distribution ratio of indium(III) extracted from an aqueous acid perchlorate solution into the carbon tetrachloride initially containing 5X102 mol dm 3 Htta was determined as a function of the two-phase agitation time. The results are given in Fig. 5 . As can be seen from Fig. 5 , the distribution ratio of indium(III) decreased from 10-°.42 to 10-0.50, and, thus, the decrease in the distribution ratio, log(D, min/ D60 min), is 0.08. The change in the distribution ratio of indium(III) is much smaller than that of Htta in Fig. 1 Table 2 . reagent in benzene. 2 The molar ratio of the keto and enol forms at equilibrium in an aqueous solution and that in a watersaturated carbon tetrachloride can be calculated by assuming the following relation: kHE/kHK=[HK]/[HE]; it is 2.3X102, and kHEorg/kHKorg [HK]org/[HE]org; it is 1.3X 10-2. In other words, in an aqueous solution, about 0.4% of the Htta should be in the enol form, and about 99.6% should be in the keto form at equilibrium; however, in water-saturated carbon tetrachloride, about 1% should be in the keto form and approximately 99% should be in the enol form at equilibrium. Such a higher ratio of the enol form to the keto form has been reported several times with Htta in nonpolar solvents. For example, when the concentration in carbon tetrachloride was measured by NMR spectrometry, it was found that 98% of the Htta was in the enol form when the concentration was 2.1 molar percent.3 Although the molar ratio of the two forms in an organic solvent or in an aqueous solution has been intensely studied, the twophase partition behavior of each form in a solventextraction system had not been well studied. Although the molar ratio of the keto and enol forms of a,6-diketone is affected by the concentration3, when the concentration of f3-diketone is not very high, such as in the present study, the effect of the change in the concentration should not be very large. The keto-enol equilibrium of Htta in polar solvents and the distribution ratio of Htta between such a solvent and water have also been studied (for example in ref. 8); however, since the interactions between the solvent molecules and Htta in such a medium should be much greater than in nonpolar solvents, as in the present study, no direct comparison with the present study can be made.
In the present study, the distribution equilibrium of a molecular species between the two liquid phases is assumed to be establish by vigorous two-phase agitation for 10 s. When a carbon tetrachloride solution predominantly containing the enol form of Htta is agitated three times with the aqueous acid perchlorate solution for 10 s, the keto form should approximately be removed from the organic solution. However, the distribution ratio of Htta in this stage, DHtta [Htta]org/[Htta]= 2.4X102, should not give the distribution constant of the enol form, KdHE, in Eq. (5). This is because, even when the organic phase contains approximately only the enol form, the keto form should still be formed very rapidly from the transported enol form in the aqueous phase. Although a part of the keto form is extracted into the organic phase, since 63% of it still remains in the aqueous phase during two-phase agitation, the value of KdHE should be higher than this. On the other hand, the distribution constant of the keto form in Eq. (6) obtained by the experiments should be reliable. When an aqueous solution containing approximately only the keto form was agitated with carbon tetrachloride for only 10 s, the enol form which formed in the aqueous phase should be extracted nearly quantitatively, though the amount of the enol form should be much less than that of the keto form both in the organic and aqueous phase.
The reason for the change in the distribution ratio of Htta during the two-phase agitation described in Fig. 1 can be explained as follows. When the aqueous phase initially containing approximately only the keto form is agitated with :fresh carbon tetrachloride, the transient partition equilibrium of the keto form should be established by agitation for 10 s. In this stage, about 37% of the total Htta is extracted, as can be calculated from the value KdHK=0.58; also, since the change of this keto form in the organic phase to the enol form is very slow, it should be negligible during such a short time. The increase in the value of log D which occurs when the aqueous phase initially containing only the keto form is agitated with the organic phase should be due to the formation of the enol form in the aqueous phase and the extraction of this enol form into the organic phase.
On the other hand, when a carbon tetrachloride solution containing essentially only the enol form is agitated with a fresh aqueous acid perchlorate solution, a small portion of this enol form transfers to the aqueous phase. Since ketonization in the aqueous phase is very rapid and the equilibrium in the aqueous phase is favorable for the keto form, the enol form transforms into the keto form and a part of the keto form in the aqueous phase is extracted into the organic phase because the amount of the keto form in the aqueous phase is increased by ketonization. At the same time, nearly a similar amount of this decrease in the enol form by ketonization in the aqueous phase is supplied from the organic phase. The overall effect causes a decrease in the distribution ratio, as can be seen from the circles in Fig. 1 .
The molar ratio of the keto and enol forms of Htta in the organic phase and in the aqueous phase, which have been agitated with each other, should be different from that in the organic phase, as well as that in the aqueous phase, each of which has been separated from the other phase and left standing. This is because there are two forms of Htta and each is in the distribution equilibrium. The distribution constant of the enol form is KdHE in Eq. (5) and that of the keto form is KdHK in Eq. (6) and each in the both phases is in the distribution equilibrium when the two phases are agitated continuously. On the other hand, when the separated organic phase or the aqueous phase is left standing, the keto-enol equilibrium is not affected by the reactions in the other phase.
As can be seen from Fig. 5 , the change in the distribution ratio of indium(III), which was initially added into the aqueous phase during two-phase agitation, is much smaller than that found with Htta in Fig. 1 . This is because, although the distribution ratio of Htta changes greatly, the decrease in the concentration of Htta in the organic phase is only 5%, and this 5% decrease of the extractant available for the metal extraction is not very large. The decrease in the distribution ratio by this 5% decrease of Htta should cause a decrease in the distribution ratio by a magnitude of 100 07 when the metal ions are trivalent, as can be calculated on the basis of Eq. (14). From the data given in Fig. 5 , it can be seen that the distribution ratio of indium(III) decreased by a magnitude of 10008, as written. This suggests that although such a long time as 90 min is necessary to establish the distribution equilibrium of Htta, the effect of the change in the distribution ratio on metal extraction is not large. This is because the complex formation of metal ions with the extractant is usually very rapid, the extraction obtained during the early stage of two-phase agitation is essentially similar to the value calculated based on the initial concentration of the extractant; also, even though a decrease in the concentration of extractant occurs, the metal extraction reaches equilibrium by two-phase agitation, most probably within 30 s. The extraction constant in Eq. (13) at equilibrium is 102.60. This agrees with the value reported in ref. 6 , 10-2.64 when the organic solvent was carbon tetrachloride though the aqueous phase was 1.0 mol dm 3 sodium perchlorate.
